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Introduction
Engineered materials are poised to supplant conventional metal alloys in numerous applications.
A variety of engineered materials have been proposed that increase either strength, fracture toughness, or both. For the most part, successful engineered materials have exploited transformation toughening caused by constituents undergoing a stress-induced martensitic transformation, or have embedded long fibers and particulate reinforcements in a matrix material to enhance the fracture or deformation behavior in a particular direction. It is anticipated that the availability of engineered materials in large quantities will herald the advent of new products that have been conceptualized. but are awaiting the right material with an optimum set of properties. Crucial material properties may vary for many industrial and aerospace applications; however, most applications will require high specific stiffness, strength, and toughness (which must be maintained at elevated temperatures in aggressive environments), and low density. A breakthrough material will possess the right property mix at a price that allows components to be fabricated economically.
The engineered material systems focused on here are composites with ceramic matrices reinforced with ceramic fibers. Monolithic ceramics exhibit useful properties such as retention of strength at high temperatures, chemical inertness, and low density. However, the use of monolithic ceramics has been limited by their inherent brittleness, susceptibility to damage from thermal shock, and a large variation in strength which is reflected in diminished component reliabilities. 
The reliability of the continuum, denoted as R, is 
A slightly different set of invariants that corresponds to components of the stress tensor oriented to the material direction can be constructed from the above integrity basis. This new set of invariants includes 
The cumulative distribution function is given by
and Consider a flaw located in the material that is initially oriented such that the application of (rat would cause Mode I crack propagation. Upon encountering the aligned whiskers, the flaw deflects in the direction of the whiskers (assuming weak bonding between whisker and matrLx) or away from the whiskers (see Faber and Evans6). In either case, further propagation would proceed under mixed mode conditions and requires an increase in o'tv This is reflected in an increase of the intercepts along the axes. A further consideration of Fig. ll.2B shows that for equibiaxial compression, reliability. is unity. Expansion of the invariants under these conditions would result in all four invariants being equal to zero.
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Fig. 11.2
Typical family of reliability contours. Weibull parameters, az = 15, 13, = 700, a2 = 12, _ = 600, a3 = I0, and/33 = 500. Contours shown with (A) local material direction coincident with o-it, and (B) effect of rotating the local material direction 45°in the 1-3 plane.
11.2.3
Interactive Reliability Model 
where o-, represents the Cauchy stress tensor. Here. for the purposes of illustration, the two-parameter Weibull distribution is adopted for simplicity.
Explicit integration of Eqn. (40) is intractable due to the form of the limit state function which defines the integration domain (oJ_). The reader is referred 
where n is the number of trials where f(}:')<0. to the longitudinal axis of the tube (see Fig. 11.6 ). An arbitrary internal pressure of 4.25 MPa and axial compressive stress of 87.5 MPa were applied to the tube. The Weibull parameters were also arbitrarily chosen (see Table  11 .1). Indices 1 and 4 from 
where Io,.s is the fourth-order identity tensor. The effective stress tensor now becomes°' 
and is monotonically decreasing (i7 < 0). For a uniaxial specimen, the dependence of 91 on stress is taken through a net stress defined as
where P is the applied tensile load, and O'o = P/Ao. A power-law form of the kinetic equation is adopted, that is 
An expression for the time to failure (ty) can be obtained from Eqn. (65) by noting that t = t/when r1 = 0. Hence
and the equation for 7-1is simplified to 
The value I/n corresponds to the slope of ln(oo) plotted against ln(tr), and B would be computed from the intercept. 
A Reliability
With Eqn. (72) used to define R, the hazard rate becomes
The 
